THE COLORIMETRIC estimation of haemoglobin concentration by reference to a standard of diluted blood was introduced by Gowers in 1878 and, after modification by Haldane in 1901, was widely used until the 1960s. Haldane's "normal" standard was determined by measurement of a very small group of men in Belfast and subsequent work indicated apparent differences between this and the normal level in Britain thirty years later, and also differences between British and American "normal" levels. These differences are discussed and some possible explanations suggested to account for them.
.. j Some problems in the history ofhaemoglobinometry students and by Haldane" upon twelve men and twelve women confirmed this figure and also established a "normal" oxygen capacity of 16.5 cm" per 100 cm3 of blood for women.
A correlation between oxygen-carrying capacity and haemoglobin concentration had been established six years earlier by Hllfner,'5 who had demonstrated that 1 g haemoglobin combined with 1.34 cm" oxygen. From this it is possible to determine that an oxygen-carrying capacity of 18.5 cms per 100 cm3 of blood-taken as 100 per cent by both Haldane and Smith-was equivalent to 13.8 g/dl of haemoglobin, and this figure was for many years accepted as the "normal" haemoglobin level in adults. The work of Haldane and Smith in 1900-01 which established the "normal" haemoglobin levelwas performed upon no more than twenty-six men and twelvewomen, all of a similar social class and all from Belfast. That such a limited survey should have been used to establish a normal level for adults in the whole country may appear surprising-but that the "normal" thus established remained unquestioned for the ensuing thirty years is, perhaps, more so. That this did happen was clearly indicated by Price-Jones in 1931, who wrote: "It is customary in England to say that the blood of a healthy man has 100 per cent haemoglobin, corresponding to an oxygen capacity of 18.5 c.c. per 100 c.c. of blood; that the blood of a healthy woman has 90 per cent haemoglobin or 16.6 c.c. of oxygen per 100 c.c. of blood. These figures were established more than thirty years ago by Haldane and Lorrain Smith (1900) and Haldane (1901) ."'16
Price-Jones noted "a rather general impression that normal healthy males average more than 100 per cent" on Haldane's scale, and especially that American observers reported figures considerably higher. He wondered if "the healthy amount of haemoglobin has altered with the changed circumstances of modem life."'7 In pursuit of this problem Price-Jones examined 100 healthy men and 100 healthy women in London. As with the original series of Haldane and Smith, the subjects were from hospital staff members, the men being students and members of the laboratory staff, average age twenty-seven, and the women being students and hospital nurses, average age twenty-four years. Price-Jones "regarded a person as healthy who said he was well and was doing his work properly; in the women no account was taken of menstrual loss.""'
From his results Price-Jones concluded that the mean haemoglobin level for men was 105.4 per cent and for women 98.3 per cent. The corresponding oxygen capacity values, and haemoglobin levels in g/dl, are given in Table 1 .
Price-Jones' results were, if anything, still on the low side, as was shown by his comparison of these with other-mainly American-studies which were performed between 1926 and 1930.1' Some of these results are summarized in Table 2 Some problems in the history ofhaemoglobinometry (1878-1931) universal standard 100 per cent.24 Not surprisingly, the result of these-and similarconflicting claims as to what was "normal" was that varying figures were adopted, and 100 per cent standard tubes for Haldane's method were marketed (inter alia) at 13.8, 14.6, and 14.8 g/dl. It is interesting to note that as late as 1971 one clinician known to the present author was still insisting upon haemoglobin levels being estimated with a Haldane apparatus which utilized the original 13.8 g/dl standard first established in 1900 .
In an attempt to explain the higher "normal" haemoglobin figures reported from America, Price-Jones visited Boston and confirmed that in America "healthy people seem really to have more haemoglobin in their blood than the same class of person in London."26 This difference was not easy to explain, for the tests had been performed in London and Boston upon groups of approximately equal social class and age, both residing nearly at sea level, so that Price-Jones could feel that "neither altitude, age nor standard of living can be regarded as factors in the question."'2
The explanation offered for the higher American oxygen capacities was ingenious, however, and is worth quoting at length.
Price-Jones was "able to say that only comparatively few of the 100 men in my series possessed a motor car, whereas all the 20 men I examined in Boston had cars, and apparently used them a good deal. The number of motor cars in use in the United States is obviously far larger than in this country, and moreover the cars are usually closed, touring cars are rarely seen. The reality of carbon monoxide poisoning from motor cars has been fully established ... and I suggest that the motoring habit tends to cause a slow chronic poisoning by which the oxygen pressure is constantly being slightly reduced and that the bone marrow compensates for the useless carboxyhaemoglobin by making more red cells and haemoglobin and producing a relative polycythaemia."27
It is possible that Price-Jones over-simplified the situation by dismissing the possibility that standards of living represented a factor in the transatlantic differences in haemoglobin levels. Although his subjects were from roughly the same social stratum in each country, there was no evidence that standards of living were the same for that stratum in each of the two countries, or that medical students and hospital staff represented the same proportion of the respective total populations-and therefore were equally typical of the "normal" healthy indigenous populations of Britain and America. RELABILITY 3 ) showed that while van Slyke and Stadie's method did, indeed, give higher results than Haldane's, the difference was small (0.47 cm8 per cent: equivalent to 2.6 per cent, or 0.36 g/dl, on Haldane's scale) and it was only apparent in eighteen of the twenty subjects tested. Price-Jones also tested the twenty subjects with his Haldane haemoglobinometer, with the results shown in Table 3 .82 These results agreed well with the previous American figures of Haden, Osgood, and Wintrobe and Miller38 (see Table 2 ), but it will be seen that for oxygen capacity they exceeded not only the figures determined directly by Haldane's method, but also those determined by van Slyke and Stadie's method, and so threw doubt upon the reliability of Price-Jones' standard tube.
The standard tube actually used by Price-Jones was one which he had used for thirty years, and which he claimed had "remained unaltered" for this period. A. D. Farr established a normal value on the basis of two series of tests upon fourteen and twelve men respectively. Further, these twenty-six men were all of a similar social class and, although described as "normal" aild "perfectly healthy", could only be so in the context of their own social stratum. Haldane and Smith had utilized "students or practitioners of medicine working in the laboratory,"38 and this group was not likely to represent the best-nourished section of the population, laboratory work being almost the most poorly rewarded area of medicine at that time, and the poverty of students being proverbial. Statistically, a series of twenty-six was little enough upon which to establish normal levels for a whole population, and the relative homogeneity of those twenty-six subjects meant that whatever figure was arrived at was unlikely to be typical of the whole community.
(b) The subjects examined in 1900-01 were all from Belfast, and those of Haldane had an average age of thirty-one.39 The later (much larger) group tested by PriceJones in 1931, while of a comparable social position, had an average age of twentyseven40 and all were resident in London. Both the average age and the geographical location were variables which could have affected the mean values obtained. While the effect of a four-year younger mean age in the later series is unlikely to have had any significant effect, the different standards ofliving to be expected between Northern Ireland at the turn ofthe century and central London three decades later were sufficient to make the two groups simply not comparable.
(c) Observer error has always been a problem with visual colour matching techniques. In 1945 Macfarlane reported that individual observers showed a range of personal variation averaging 4.8 per cent on the Haldane scale, with a range of 2.0 to 13.9 per cent.41 While Haldane and Smith, working in the same laboratory, may well have achieved closely comparable results, the difference between their figures and Price-Jones' was 5.4 per cent (see Table 4 )-sufficiently close to Macfarlane's observation of personal variation to suggest that this alone could have accounted for Price-Jones' reported higher "normal" haemoglobin levels.
(d) Did Price-Jones' standard tube fade over a period of thirty years, sufficiently to account for his suggestion that mean normal haemoglobin levels had risen by 5.4 per cent during that period? It certainly seems likely that this type of standard was liable to fade over extended periods of time, and the evidence of Price-Jones' American series in 1931 strongly suggests that this had occurred with his own colour tube. Whether this extended to a difference of 5.4 per cent cannot be known.
In summary, it seems probable that the difference between the observed "normal" levels, in Britain, of 1900-01 and 1931 was due to a combination of inadequate size and selection of subjects in the first surveys; fading of Price-Jones' colour standard over a period of thirty years; and-perhaps most important-observer error inherent in the technique of the Haldane/Gowers method.
Some problems in the history of haemoglobinometry (1878-1931) with Britain, almost certainly represents a more real distinction than that alleged within Britain between 1900 and 1931. Price-Jones' figures for Americans were consistent with those of several other observers (see Table 2 ), while his figures for Britain were confirmed in a series of ninety medical students tested four years later,42 and were actually higher than those reported for fifty medical students43 and forty-two professional and artisan workers" a year after that. Thus, a genuine difference between British and American "normal" haemoglobin levels appears to have existed in the 1930s.
One may suspect that general living standards, and especially dietary levels, were possibly higher in America for the middle classes than they were in Britain at that time, and some evidence exists to suggest that diet may indeed have played a significant part in the differences observed. One modem source concisely summarizes the position thus: "The main factor limiting the production of sufficient haemoglobin to satisfy the needs of erythropoiesis is the supply of iron."" While it has been shown that men can be in good health, without anaemia," on a daily intake of 6 mg of iron-or possibly even less47-it has usually been considered that 12 mg is the recommended minimum daily intake. 48 During the period 1926 to 1936 a number of studies were performed to determine iron requirements and, although most of these were concerned specifically with low-income groups,49 or with iron balance studies, some reported the daily iron intake in freely chosen diets amongst a broadly representative cross-section of society. The results of four of these surveys-two in Britain and two in America-are summarized in Table 5 (p.160).
From this data it is clear that, while in both countries the average intake of iron in the early 1930s was above the minimum necessary for "good health", the daily intake in America was 1.45 mg (i.e. nearly 91 per cent of the intake) greater than in Britain. It would seem probable, therefore, that diet played a much larger part in explaining the higher "normal" levels of haemoglobin observed in America than Price-Jones was prepared to concede. Certainly, this factor would more convincingly account for the difference than would the carbon monoxide poisoning arising from a greater use of motor cars, which Price-Jones actually proposed.
SUBSEQUENT DEVELOPMENTS
The Haldane/Gowers method of haemoglobin estimation was studied in depth in 1943 by a Medical Research Council Committee on haemoglobin surveys and its
